regarding its effect on physiological, radiological, and bronchoscopic indices. We therefore embarked on a detailed study of the effect of high dose rate endobronchial radiotherapy in 20 patients with major airway occlusion by carcinoma. Our aim was to provide objective information on the effect of this technique that would allow it to be compared with other forms of treatment, such as laser resection, cryotherapy, and external beam radiotherapy.
Patients underwent pretreatment assessment that included scoring of symptoms, chest radiography, computed tomography of the thorax, isotope ventilation and perfusion lung scanning, full lung function tests (including flow-volume loops), and a series of five minute walking tests. Dyspnoea, haemoptysis, cough, pain, weight loss, and general wellbeing were assessed as "none," "mild," "moderate," or "severe."
Computed tomography was performed with a Somatom DRH scanner. Contiguous 8 mm sections were obtained through the lungs from the thoracic inlet to the diaphragm during infusion of intravenous contrast (Iopamidol 370 mg/ml; E Merck Ltd). All scans were reviewed on both soft tissue and lung windows. Where possible tumour volume was measured and an assessment of major airway patency was made.
Isotope scanning was performed with technetium-99m labelled macroaggregated albumin to measure perfusion and with krypton-81m gas to measure ventilation. Images were acquired by a gamma camera with the patient in a seated position. Posterior and anterior images were recorded on a computer and regions of interest drawn around each lung. The differential function for each lung was then calculated and these data were expressed as percentages of total counts detected in the normal and abnormal lung.
The lung function tests we performed were spirometry, lung volumes, and total lung capacity measured by helium dilution with a modified Collins water filled spirometer. Total lung capacity was measured by plethysmography (Gould Autobox 2800) and transfer factor by the carbon monoxide single breath method (PK Morgan carbon monoxide analyser); specific airways resistance and maximum inspiratory and expiratory flowvolume loops were determined by means of the body plethysmograph. Five minute walking tests were performed in a level corridor under standardised conditions of supervision and encouragement. Five tests were performed at each assessment, to allow for any training effect,4 and the furthest distance walked was used for analysis.
After the pretreatment assessment fibreoptic bronchoscopy was performed (by JMG) under local anaesthesia and light sedation (atropine 0-6 mg and midazolam 2-5 mg) with an. Olympus IT fibrescope. The degree of major airway obstruction was estimated in terms of a bronchial obstruction index (a semi-quantitative method that allocates a score based on the degree of major airway obstruction and weighted according to the site of the tumour (table 1).5 A 1-9 mm flexible applicator tube (Nucletron) and guidewire twice its length were then inserted through the biopsy channel of the bronchoscope and passed distal to the tumour under fluoroscopic screening. The bronchoscope and then the guidewire were removed and the The sites of major airway occlusion by tumour are shown in figure 1. Bronchoscopic appearances were consistently improved after endobronchial radiotherapy. Eight patients had complete clearing of tumour from the bronchial tree, nine had partial clearing, and two had unchanged appearances. There was a significant improvement in the mean obstruction index after treatment from 6-2 (2 0) to 2-8 (2-1), range 0-8; p < 0-001). Only two patients failed to achieve an improved score.
There was a significant increase in fractional ventilation and perfusion scores for the abnormal lung after treatment (fig 2) . Ventilation figure 4 ). There was no such effect on measures of lung volume or gas transfer. The flow-volume loops showed a significant increase in the ratio of forced expiratory flow rate to forced inspiratory flow rate at 50% vital capacity (FEF5OFIF5O) ( fig 3B) , consistent with a decrease in intrathoracic airway obstruction. 7 Patients with tumour occluding a main bronchus had a greater improvement in physiological indices than those who had tumour in a lobar bronchus; this was true for spirometric indices, FEF50/FIF5o ratio, fractional ventilation and perfusion scores, and five minute walking distance. When their data were analysed alone patients with obstruction of a lobar bronchus did not have a statistically significant improvement in these objective measurements.
All patients survived six weeks, including the patient who did not complete the second assessment. There were no serious complica- Bronchoscopic appearances were substantially improved after brachytherapy. We applied the bronchial obstruction index developed by Speiser and Spratling to quantify this effect,5 and found it increased by 55%. We recommend a repeat bronchoscopy after brachytherapy to assess the major airways and allow additional treatment to be given if appropriate.
We have shown a significant improvement in isotope ventilation and perfusion lung scans after intraluminal radiotherapy. There has been concern that improving ventilation to areas of lung that are not perfused (because of malignant infiltration of pulmonary vasculature) could increase the physiological dead space and lead to a deterioration in breathlessness. In our study there was a significant increase in ventilation without a significant change in perfusion in only one subject. Symptomatically the patient did not deteriorate, though there was no improvement in symptoms or five minute walking distance.
We have used the five minute walking distance as an objective measure of exercise tolerance.4 The significant improvement we observed has not previously been reported after endobronchial radiotherapy. The greatest improvement was in patients with obstruction of a main bronchus (292-331 m).
After endobronchial radiotherapy there were small but significant improvements in FEV, and FVC (table 3) . Other lung function indices did not alter significantly, with the exception of FEF50IFIF,o ratio, which increased as would be expected with a reduction in intrathoracic endobronchial tumour.7 These improvements were present predominantly in those with obstruction of a major bronchus (rather than a lobar bronchus) and it is these patients who should derive maximal benefit from the technique.
Our study has provided detailed objective data that show the effectiveness of high dose rate brachytherapy in treating patients with major airway occlusion by carcinoma of the bronchus. The results have allowed us to define the measurements likely to be of most use for comparing different treatment regimens. We conclude that patients can be fully assessed with a simple evaluation of symptoms, chest radiography, repeat bronchoscopy, and the relatively simple physiological techniques of timed walking tests, spirometry, and flow-volume loops. When available ventilation and perfusion lung scanning may also be useful.
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